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Abstract 
Energy, economy and environment form a mutually-influenced circulatory system. This paper uses econometric 
theory, according to time series data of energy consumption, GDP and industrial sewage emission from 1983 to 2009 
about China, to empirically analyze the dynamic relationship among them. The result shows that: there exist the long-
term stable equilibrium relationships among energy consumption, economic growth and environment. The improving 
action of Energy consumption on economic growth is far less than on environmental pollution. When the system 
deviated from the equilibrium, the adjusting speed about industry waste gas emission and energy consumption is far 
lower than that of economy. This paper further reveals the interaction among energy, environment and economy. On 
this basis, in order to achieve coordinated growth of energy, economy and environment, the paper puts forward 
several policy suggestions. 
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1. Introduction 
Energy is the essential material base of human livelihood and development, and one of the 
foundational elements of the national economy. Regional economic development is inseparable from the 
energy consumption. With the rapid development of economy, human society's dependence on energy 
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gradually increased, and the amount of energy consumption is increasing. However, the production and 
use of energy will to some degree have negative impact on the environment. And the deterioration of 
environment will restrict regional economic development, thereby affecting the exp loring and utilizing of 
energy.  
Taken together, the reasonable explorat ion and efficient use of energy and the constant improvement 
of the environment are the prerequisites that ensure the national economy will develop in a sustained, 
rapid and sound way. The sustainable development of economy will p romote the energy efficiency and 
the continuous improvement of environment. The explo itation and utilization of energy resources, and the 
economic development will impact on the environment, whereas the environment has an important 
influence on the energy efficiency and economic development. The economic development and the 
environment are essential factors in fluencing on the energy efficiency. On the other hand, the energy 
efficiency has an impact on the economy. On the whole, energy, economy and environment form the 
circulatory system which restricts mutually. 
Along with the rapid development of Chinese economy after reform and opening-up, the demand for 
energy is increasing and the ecological environmental load continuously rises, but the shortage of energy 
and the degradation of eco-environment have gradually become important factors that threaten sustained 
economic development. Therefore, research on the relat ionship among effective utilization of energy, 
environmental protection and sustained economic development in China has become the focus which the 
economists pay close attention to. The research on this field  mainly concentrated in two aspects. One is 
the research that evaluated the harmony degree of energy, environment and economy. Zhao Fang (2009) 
built a suit of indicator system that evaluated comprehensive development level of the energy -economy-
environment system, using principal component analysis and fuzzy membership functions to calculate 
harmony degree of the 3E system in China 2000-2007. She pointed out that the harmony degree of China 
was in a weak state and dynamic adjustments, but the trend was improving, as well as had a long distance 
to achieve the stable and optimal goal of harmony degree [1]. In this part, researchers constructed 
different indicator systems and made different weights for indicators and the evaluation methods were 
different, so that the result was in the lack of comparab ility. In addition, indicator system was often not 
comprehensive because of data unavailability.  
The second is about researches using the method of econometric analysis to estimate the relat ionship 
of energy, environment and economy. This part of researches considered the mutual influence among 
energy, economy and environment, but in practice it often concerned more about two aspects among 3E 
system, especially energy and economic growth. The research about three p arts was still in  a beginning 
stage. Cui Heru i (2010) established the VAR model to analyze the dynamic relationship of China’s 
energy, economy and environment, but he d idn’t analyze the long -term equilibrium relat ionship among 
the three parts and the time span of data that he used was short. Econometric method requires relatively 
long-time series datum, otherwise parameter estimate of model isn’t effective  [2]. 
The traditional econometric method was based on economic theory to determine the relat ionship 
among variables, however, economic theory is usually not sufficient to provide a rigorous description for 
it, especially in the mutual influence, and the endogenous variable that appears on the two sides of 
equations will make estimat ion and inference more complicated. Vector auto-regressive (VAR) model 
and vector error correction model (VEC) can efficiently solve the above problems. As mentioned before, 
there exists a mutual influence among energy, economy and environment, and this paper will use VEC 
model to describe the long-run equilibrium relat ionship among them. On this basis, this paper will 
analyze the dynamic impacts of that stochastic disturbing to the system for explaining the dynamic 
relationship of energy, environment and economy. 
2. Selection of Indicators and Data Sources 
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In order to ensure sufficient samples, this paper selects the data from 1983 to 2009 of China. One 
statistical indicator was selected to represent energy, environment and economy respectively. Total 
energy consumption was selected in terms of energy. Total Energy Consumption (NY) refers to the total 
consumption of energy of various kinds by the production sectors and the households in the country in a 
given period of time. It includes that of coal, crude oil and their p roducts, natural gas and electricity. 
However, it does not include the consumption of fuel of low calorific value, bio -energy and solar energy. 
It is a comprehensive indicator to show the level, composition and pace of increase of energy 
consumption. 
The special statistic about environment was started late in China, so there aren’t continuous time series 
that can be used. In addition, energy consumption by households accounts for about 10% of total energy 
consumption in China, and the percentage is low. The energy consumption by the production sectors 
holds absolutely large p roportion. Thus we can use the emission volume of industrial "three wastes" to 
illustrate the environmental situation related to energy consumption, and this indicator has a continuous 
time series data. Because the treatment rate of industrial waste water and solid wastes is far higher than 
that of industrial waste gas, we select the industry waste gas (FQ) to measure environment situation 
finally. 
Gross Domestic Product (GDP) refers to the final products at market prices produced by all resident 
units in a country (or a reg ion) during a certain period of t ime. So GDP is a significant comprehensive 
standard to judge the economical strength of a country or an area. Because the annual GDP is compiled at 
current prices, it is needed to compute at constant prices in order to eliminate price fluctuations. GDP is 
converted with the constant price of 1983.  
The data of the above three indicators can be got from calendar year "China Statistics Book". Before 
modeling, the three indicators will be taken natural logarithms respectively, which are recorded as LNY, 
LFQ and LGDP. The logarithmic transformation doesn't change properties of the time series, and enable 
the trend in linearization. At the same time, it can eliminate heteroscedasticity in some extent. Data 
processing and model estimation can be obtained by using Eviews6.0.  
3. Empirical Analysis 
3.1. Cointegration Analysis  
VEC model is a  VAR model loading with cointegration constraints, and it has been applied  in no n-
stationary time series where there is a cointegration relationship. Therefore a co integration test for 
variables is required  before establishing the VEC model. A Cointegration relationship describes the long -
run equilibrium relationship among variables.  
3.1.1. Unit Root Tests 
Before conducting cointegration analysis, we first need to check out the stationarity of the time series 
by the unit root test, to determine the stationarity and integrated order of the variables. When the variables 
as the integrated order are the same, a cointegration test is available. We apply augmented Dickey-Fuller 
(ADF) test to examine the time series’ characteristics of stationarity in this paper. Table 1 tells the ADF 
unit-root test results. 
Table 1. ADF Unit-root Tests for Time Series  
Series Model˄cˈtˈk˅  ADF-test P-values 5% critical value  Conclusion 
LNY 
LFQ 
LGDP 
(0,0,4) 
(0,0,4) 
(0,0,4) 
2.2734 
1.4376 
1.5522 
0.9925 
0.9577 
0.9663 
-1.9557 
-1.9572 
-1.9556 
No 
No 
No 
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ᇞLNY 
ᇞLFQ 
ᇞLGDP 
(0,0,4) 
(0,0,4) 
(0,0,4) 
0.6146 
-0.1049 
-1.0371 
0.8407 
0.6358 
0.2609 
-1.9591 
-1.9580 
-1.9564 
No 
No 
No 
ᇞ ᇞ LNY 
ᇞ ᇞ LFQ 
ᇞ ᇞ LGDP 
(0,0,4) 
(0,0,4) 
(0,0,4) 
-3.8814 
-2.7090 
-4.2684 
0.0005 
0.0093 
0.0002 
-1.9591 
-1.9581 
-1.9564 
Yes 
Yes 
Yes 
Notes˖c is the intercept tˈ  is the tendency kˈ is the lagging orderˈƸ represent the first differenceˈƸƸ represent the 
second differenceǄ  
The results of Table 1 show that LNY, LFQ and LGDP are non-stationary in levels, the series of 
first-order difference are non-stationary, but those are stationary in second difference at 5% percent 
significance level, fulfilling a necessary condition for conintegration. All the time series are assumed to 
be integrated of order two.  
3.1.2. Johansen-Juselius Cointegration Test  
To further assert the cointegration between the time series, we need apply Johansen -Juselius test. The 
Johansen-Juselius method of testing cointegration among a set of variables is preferred to the Engle -
Granger two-step procedure in the mult ivariate system. We first determine the optimal lagging number of 
model before the test. This paper determines that the lagging number is 3 according to the residual 
analysis and selecting criterions of lagging number for unconstrained VAR model. So the lagging number 
of cointegration test is determined 2. Table 2 tells the results of Johansen cointegration tests fo r the series.  
Table 2. Johansen Cointegration Test 
Hypothesized 
No. of CE(s) 
Trace test  Max Eigen-value test  
Statistic P-values Statistic P-values 
None 
At most 1 
At most 2 
0.5248 
0.2839 
0.0598 
0.0022 
0.0296 
0.2552 
23.2856 
15.6937 
1.2946 
0.0245 
0.0295 
0.2552 
The results of Table 2 indicate that the trace test rejects the null hypotheses that there is no 
cointegration and at most 1 cointegration at 5% percent significance level and the result of the max Eigen -
value test is same. So there exist at least 2 cointegrating vectors or long-run equilibrium relations. After 
the coefficient is standardized, the cointegration equation is presented as: 
LGDP=0.4316×LNY+4.5131                                                                                                      ˄1˅ 
LFQ=1.5713×LNY-6.8056                                                                                                          ˄2˅ 
The cointegration equation (1) represents economic growth equation, which describes the long -run 
equilibrium relationship between economic growth and energy consumption. By this equation, for every 
1% increase in total energy consumption, GDP increases by 0.43%. the cointegration equation (2) shows 
the environmental pollut ion equation, which describes the long-run equilibrium relat ionship between the 
environmental pollution and energy consumption, namely industrial waste gas increases 1.57% for every 
1% increase in energy consumption. It shows that total energy consumption of China caused by 
environmental pollution is still high because polluting energy is in the majority in China's energy 
consumption. The role of energy consumption in  promoting economic growth  is less than its influence in 
industrial waste gas, which shows energy efficiency in China is still low. 
3.2. Vector Error Correction Model (VECM) 
According to the Johansen cointegration test, there exists the long -term equilibrium relat ionship 
among energy, economy and environment  of China. We usually concern about the first r relationship that 
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is confirmed by the likelihood ratio test (in  this paper r = 2). In order to comprehensively consider the 
relationship among the three parts, this paper only takes into account the situation with one cointegration 
relationship when we build VEC model. In that situation, the long-run equilibrium relationship among 
economic growth, industrial waste gas and energy consumption is presented as: 
LGDP=-1.6395×LFQ+3.0077×LNY-6.6444                                                                              ˄3˅ 
Let the error correction term as:  
vecm=LGDP+1.6395×LFQ-3.0077×LNY+6.6444                                                                     ˄4˅ 
To study unit root test for the erro r correction term, we can  find it  belongs to stationary series, and th is 
result verifies that the cointegration relationship is correct. Meanwhile the cointegration equation (3) 
shows that industrial waste gas increasing by 1% will result in GDP falls by 1.6%, and negative 
relationship exists in between environment pollut ion  and economic g rowth. In addit ion, energy 
consumption increasing by 1% will result in GDP promotes by 3.007%, and the relationship between 
energy consumption and economic growth is positive. China's economic growth depends heavily on the 
high consumption of energy, and coal-based energy consumption structure of our country will bring 
environment pollution to some degree, thus it will reduce the role of energy consumption in  promoting 
economic growth.  
Based on the cointegration equation (3), we can establis h vector error correction model that examines 
the short-run adjustment. For their results, see following equations: 
Ƹ(LGDP) =  - 0.2496× vecm + 0.5599×Ƹ(LGDP(-1)) - 0.1899×Ƹ(LGDP(-2)) + 0.3484×Ƹ
(LFQ(-1)) + 0.1347×Ƹ(LFQ(-2)) + 0.2329×Ƹ(LNY(-1)) - 0.7192×Ƹ(LNY(-2)) + 0.0277           (5) 
Ƹ(LFQ) = 0.0876× vecm - 0.6115×Ƹ(LGDP(-1)) + 0.0796×Ƹ(LGDP(-2)) - 0.1270×Ƹ(LFQ(-1)) 
- 0.0777×Ƹ(LFQ(-2)) + 0.84×Ƹ(LNY(-1)) + 0.3599×Ƹ(LNY(-2)) + 0.0506                                (6) 
Ƹ(LNY) = 0.0753× vecm - 0.1050×Ƹ(LGDP(-1)) - 0.0308×Ƹ(LGDP(-2)) - 0.1829×Ƹ(LFQ(-1)) 
- 0.0745×Ƹ(LFQ(-2)) + 1.0554×Ƹ(LNY(-1)) - 0.1416×Ƹ(LNY(-2)) + 0.0316                             (7) 
The test statistics of model: Log likelihood =162.0321, AIC=-11.2527, SC=-9.9274. The model draws 
up to match effect. The coefficients before error correction terms in VEC model reflect the speed in which 
the system is adjusted to the equilibrium when these variables walk away from the long-term equilibrium. 
We can see from the estimated model coefficients that the adjusting speed of industrial waste gas is far 
lower than the economic one, and it  indicates that the environment is difficult to return to the equilib rium 
once contaminated. In addition, adjusting speed of energy consumption is also lower than that of 
economic adjustment, which is main ly due to limited energy resource and it limits the change of energy 
consumption. 
3.3. Impulse Response and Variance Decomposition 
Cointegration analysis tests the long-run equilib rium relationship among the three variables. In order to 
provide better description about the dynamic relationship among the three parts, this paper uses impulse 
response function and variance decomposition on the basis of the VEC model to analyze the variables.  
3.3.1. Impulse Response Analysis 
Impulse response function describes that the shock on an endogenous variable makes effect on the 
other ones in a model, and it could provide more information about the dynamic feature that the variables 
interact each other. Specifically, new in formation about a standard deviation is put on the random 
disturbance, and the current value and future value of endogenous variables will change. The dynamic 
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response of endogenous variables can be shown through this method. Impulse response results are shown 
in Figure 1. 
Figure 1 (a) describes the GDP response to the new information about a standard deviation. GDP has 
an immediate strong positive response to the shock to itself, and then, it has a short-term increase before 
the main stability. GDP has no response to the new informat ion of industrial waste gas and energy 
consumption in the first term. The shock to economic growth by total energy  consumption disturbance is 
still positive. It is obvious from the second term, and it grows rapidly in the first four terms and then 
grows slowly. Th is indicates that energy consumption has obvious promoting role to the economic g rowth 
in China. The disturbance of industrial waste gas has a strong shock on economic g rowth from the third 
period, and the impact sustains increasing and negative. It reflects that environmental pollution has a 
restriction role on economic growth. The role is not obvious in short-term, but it will enhance over time. 
Figure 1 (b ) represents the response of industrial waste gas to a standard deviation disturbance. The 
disturbance of energy consumption has no significant impact in the first term on industrial waste gas, and 
a small positive effect in the second term, then decreases, and it has a long-term and increasing negative 
effects from the fifth term. This indicates that increasing energy consumption make industrial waste gas 
increase and environment deteriorate, but energy consumption has a continuous and negative impact on 
environmental po llution in the long run. Th is is mainly related to the rise of clean energy consumption. 
The disturbance of GDP has a positive impact on environmental pollut ion, and the shocks are basically 
unchanged. It indicates that economic growth is based on the cost of environmental pollution and the 
impact will last for a long period. 
Figure 1 (c) shows that the response of energy consumption to a standard deviation disturbance. The 
disturbance of GDP has a positive impact on energy consumption in the first term, it reaches the highest 
level in the fourth period, and then gradually decreases and the impact will maintain stable from the 
eighth period. It reflects the economic growth depends on energy con sumption. The d isturbance of 
industrial waste gas has a positive impact on energy consumption, and the impact is small in the first three 
periods and gradually increases from the fourth. It reflects that environmental pollution has a significant 
impact on energy consumption. 
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Figure 1. Impulse Response Results Based on VEC Model 
˄a˅ ˄c˅ ˄b˅ 
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3.3.2. Variance Decomposition Analysis 
Variance decomposition analyzes the degree of contributions that each structure shock impacts on the 
endogenous variables (usually measured by variance). Through this method we can evaluate the relative 
importance of endogenous variables.  
Figure 2 shows the figure of variance decomposition. From figure 2 (d), it is known that the 
adjustment of economic growth impacted by itself is gradually weakened , while the impact of energy 
consumption and industrial waste gas is gradually increasing over time, especially that of energy 
consumption. From figure 2 (e) , we can know that the adjustment of industrial waste gas is main ly 
effected by itself, GDP and energy consumption have a little influence on it, the impact of economic 
growth on industrial waste gas is declin ing as time goes, and that of energy consumption on industrial 
waste gas is continuously increasing. Figure 2 (f) indicates that the energy consumption fluctuation by 
itself is declining, the impact of GDP disturbance on energy consumption is declining, but the impact of 
industrial waste gas disturbance is gradually rising over time. It reflects the impact of environment on 
energy consumption is stronger, and the environment pollution has gradually  become an important 
restraining factor that affects the energy consumption.  
0
20
40
60
80
100
2 4 6 8 10 12 14 16 18 20
LGDP LFQ LNY
Variance Decomposition of LGDP
0
20
40
60
80
100
2 4 6 8 10 12 14 16 18 20
LGDP LFQ LNY
Variance Decomposition of LFQ
0
20
40
60
80
2 4 6 8 10 12 14 16 18 20
LGDP LFQ LNY
Variance Decomposition of LNY
 
Figure 2 Variance Decomposition Results Based on VEC Model 
4. Conclusion 
The coordinated development among energy, economy and environment is a prerequisite that ensures 
the healthy, stable and sustainable development of economy. This paper uses the econometric theories, 
such as Johansen Cointegration, Vector error correct ion model, Impulse response and Variance 
decomposition, according to time series data of energy consumption, GDP and industrial sewage emission 
from 1983 to 2009 about China, to empirically analyze the dynamic relationship of energy, economy and 
environment. The research found that: 
First, Johansen cointegration test shows that the long-term stable equilibrium relationship exists among 
total energy consumption, economic growth and environment. The two co integration equations show that 
GDP increases by 0.43% because of 1% increase in total energy consumption, while industrial waste gas 
increases 1.57%. It also shows that the role of energy consumption in promoting  economic growth is less 
than in industrial waste gas. It is main ly due to China's energy consumption structure depending on high -
pollution energy that coal and oil are the main body. In  addition, the energy efficiency of industrial sector 
in China is low. 
Second, this paper builds vector error correction model about energy, economy and environment. The 
unit root test of erro r correction item verifies that the co-integration relat ionship is correct. The 
environmental pollution has a negative impact on economic g rowth, and energy consumption has a 
˄d˅ ˄f˅ ˄e˅ 
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positive impact on economic growth. The economic growth characterized by high energy consumption 
will be weakened by environment pollution caused by energy consumption. The vector error correction 
model also points out that the adjusting speed of industrial waste gas and energy consumption is far lower 
than the economic one. It reflects the renewability of environment and energy. 
Third, impulse response analysis reveals the interaction among energy, economy and environment in 
China. It  viv idly illustrates the dynamic relationship among the three parts. In the long term, energy 
consumption disturbance has a positive impact on economic growth. Industrial waste gas has a significant 
negative impact on the economic growth from the third period and the impact is gradually increasing. It 
reflects the environment pollution has a long-term restriction to economic growth. The d is turbance of 
GDP has a positive impact on environment pollution. It illustrates the economic g rowth at the cost of 
pollution and the dependence of economic growth on energy consumption.  
Fourth, the results of variance decomposition show that the fluctuation of economic growth caused by 
itself is gradually weakened, while the impact of energy consumption and industrial waste gas is 
gradually increasing over time, especially that of energy consumption. It reflects that energy and 
environment will constrain economic growth. The impact of industrial waste gas distribution on energy 
consumption is gradually rising over t ime. It  reflects environment pollution has gradually  become an 
important restraining factor that affected energy consumption. 
Based on the above conclusions, in order to realize the coordinated development among energy, 
economy and environment, the policies should be adjusted in the following respects. First, develop new 
clean energy resources and gradually adjust Chinese energy consumption structu re that coal is the main 
fuel. Because the adjustment of energy consumption structure is difficult in short -term, we can reduce 
pollution through developing clean coal technology, improving the energy efficiency, promoting the 
process of energy saving and emission reduction. Second, shift current extensive economic growth way 
characterized  with high consumption of energy, and increase technical innovation inputs, especially R&D 
investment in manufacturing sectors, while focusing on the in troduction, conversion and utilizat ion of 
advanced technologies to promote energy efficiency, reduce environment pollut ion and promote 
economic g rowth. Th ird, establish perfect environment leg islation system and environmental standard 
system, strengthen the enforcement of environmental laws, and establish a social supervision mechanism 
about environment. All o f these will be expected to continuously improve environmental quality and 
sustainability of economic development. 
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